A 63 63mm rectangular silicon drift detector was irradiated using a 60 Co source and its performance was studied. The total accumulated dose was 23:5 krad. The detector performance after room temperature annealing was studied. The detector was found to be sufficiently radiation hard for RHIC applications.
I. INTRODUCTION
The Silicon Vertex Tracker (SVT) for the STAR experiment [1] at the relativistic heavy ion collider (RHIC) will consist of 216 silicon drift detectors (SDDs). The SVT design and a detailed description of the detectors have been presented elsewhere [2, 3] . The SVT surrounds the STAR intersection region at radii of 6 -11 cm from the beam axis. At this location the accumulated radiation dose for a running period of 10 years is estimated to be 10 krad. Results of an earlier study of radiation effects performed on a STAR1 prototype detector are presented in Ref. [4] .
During irradiation, two kinds of effects are expected depending on the type of irradiating particles [5] : displacement damage typically due to hadron irradiation that causes a reduction in minority carrier lifetime in the silicon substrate, and ionizing radiation effects in the silicon dioxide passivating layer that produce residual positive charge when an electric field is applied. During ionizing irradiation, displacement defects may be also produced by Compton and secondary electrons if the kinematic limit is exceeded.
The residual positive charge produced by ionizing radiation consists primarily of trapped charge in the oxide and traps at the Si ? SiO 2 interface. Some bulk neutral oxide traps are produced as well [5, 6] . Ionizing radiation may affect the edge electric fields because of the increase in the oxide charge. It can also create new defect states at the interface leading to an increase in edge leakage currents [7] . Previous studies showed that an appreciable increase of the leakage currents is not expected for a dose of the order of 10 krad [4] (for 1 MeV photons) but is expected for a dose of the order of 1 Mrad [8] .
So, we can expect only distortions of the electric field, which could modify the drift of the electrons in the silicon bulk.
In the present work we study the radiation hardness of the STAR2.8 SDD prototype for /e-irradiation by monitoring the following quantities during and after irradiation: leakage currents, voltage distribution across cathodes, and characteristics of the drift signal generated by a pulsed laser injection.
II. SDD IRRADIATION
The detector used for this experiment is a 6:3cm 6:3cm bidirectional drift STAR2.8 SDD prototype with 2 239 anodes at 250 m pitch and 2 220 cathodes at 135 m pitch, designed and built at Brookhaven National Laboratory.
It was made from 3:5k cm n-type NTD silicon with (111) crystal orientation. The applied drift field was 230V=cm. The detector remained biased during irradiation and between each irradiation run. The irradiation was carried out using a 3 kCi Co 60 -source at The Ohio State University Nuclear Reactor Laboratory.
The Co 60 -source consists of 24 pins fixed in a lead box standing in a water pool. The experimental set up is shown in Fig.1 . During the irradiation an aluminum tube with the detector was placed next to this lead box. The exposure dose rate was 1:08 krad=hr. After every irradiation period, the tube was moved to a stand-by position where the SDD was exposed to 4 rad=hr. The SDD was irradiated over a four-day period and received a total dose of 23:5 krad from four irradiation runs of 2:7 krad, 6:3 krad, 4:5 krad and 10 krad, respectively.
The time interval in the stand-by position between each irradiation run was 18 hr, 68 hr and 15 hr, respectively. All the measurements were performed at room temperature.
The evolution of the detector drift characteristics was monitored continuously. The well known photoionizing effect by laser exitation (see, e.g. Ref. [9] ) was used to create electron clouds at predefined drift distances. Light pulses from a Nd:YAG laser of wavelength 1064nm were transported to the detector surface by optical fibers held at drift distances of 5, 15, and 25 mm.
After passing through preamplifiers and gaussian shapers, the anode signals were read out via a As the laser has 20% pulse-to-pulse amplitude fluctuations, averaging over 20 waveforms was performed for signal amplitude, width and drift time measurements. Anode leakage currents, guard anode current, and cathode voltage distribution were also monitored during and between irradiations. Three MOS capacitors, made of the same wafer as the detector under study and biased at -40V with respect to the substrate were irradiated to an accumulated dose of 67 krad from five irradiation runs of 1 krad, 4 krad, 10 krad, 19 krad, and 67 krad, respectively.
III. RESULTS
All irradiated structures exhibited the same behavior. The results of C-V measurements for one of the MOS test structures are shown in Fig.2 . Irradiation caused an increase of the flatband voltage from 6V at the beginning to about 18V at the end of irradiation. This means that the oxide charge density increased to about three times of the initial value of 2 10 11 e=cm 2 . The room temperature (RT) annealing was observed, and this effect is clearly seen in Fig.3 .
The voltage distribution on the detector cathodes is shown in Fig.4 . Irradiation caused several distortions of the electric field in the high voltage and focusing regions. There was no displacement damage at these low doses. So, it is very likely that ionizing radiation induced surface generation centers. The localization of these centers at which the surface current is generated can be related to local processing defects and/or breakdown due to high field build up between cathodes. Surface current in turn can cause "shorts" between cathodes and guard lines, which affects the voltage distribution.
The detector seems to have totally recovered to its original performance after one week of self annealing at room temperature (see last plot in Fig.4.) . The annealing time constant of radiation induced surface defects is several days. The recovery can also be partly attributed to the charging of some of the surface states. After charging up, surface states are no longer electrically active and therefore do not affect the voltage distribution. The associated detraping time constant is about a month.
The dependence of several detector characteristics (drift time, signal amplitude and width) on drift distance 
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Figure 3 MOS test structure -annealing. measured after RT annealing is shown in Fig.5 and Fig.6 . All characteristics are practically the same as they were before irradiation.
No significant changes in anode leakage currents were observed. Monitoring of signals generated by laser showed that the signal amplitudes decreased by an order of magnitude after receiving a dose of 9 krad. This reduction of amplitude is associated with development of several points with inverted field in the focusing region (see Fig.4 ). We were unable to monitor the effect of field distortions in the high voltage region around cathode 190 since our fibers were located below this region. 
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Drift time, ns Figure 5 Drift time vs. drift distance. Open circles -measurements before irradiation; black dots -measurements after irradiation.
IV. CONCLUSION
It is seen that the STAR2.8 silicon drift detector is sufficiently radiation hard for STAR applications and should be able to withstand the radiation damage associated with a 10-year running period at RHIC. Further, a room temperature anneal is shown to restore the detector to its baseline performance after exposure to an accumulated dose of 23:5 krad. 
